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July 31, 2003 



TO: 



FROM: 



Mr. Mark Shuster - Enventure Global Technology 
Email: mark.shuster@haliburton.com 

Russell Wasson 




RE: HydroPro Hydro-forming tooling test and evaluation 
Dear Mr. Shuster, 

The following represents the results of our recent fabrication and testing of a HydroPro mandrel 
for expansion of a piece of Enventure supplied tubing (pipe). Evaluation was made of the 
overall performance of the tooling and the extent to which a free expansion of the 
aforementioned pipe could be accomplished. 

TOOLING: 

Tooling was manufactured to standard HydroPro design criteria (see attached 
dwg. - Attach. 1). Tooling had an outside diameter of 4.900" an overall length 
10" 22 "' Wei8ht 98 assembled of 1 10 ,bs « md m effective expansion zone of 8 - 

TUBE: 

Tube (pipe) was 36-1/2" overall in length and was subsequently cut into two (2) 18-1/4" long 
sample pieces. Material was basic carbon steel (mild steel) welded seam construction and 
showed some ovality (approx. 0.030" diametrically). Inside diameter measured 4.925" - 4 945" 
with a 0.300" average wall. 

TESTING: 



Mandrel assembly was inserted and centered within test sample and 
pre-filled to remove air. Tube was subsequently pressurized using 
the SleevePro system to yield and held at a constantly yielding state 
until final growth was achieved. The test was halted at what we 
judged to be a more than adequate degree of expansion for proving 
capabilities of the tooling, tubing, and process. Both pressure and 
movement (growth) were tracked in real time. Both diametrical 
growth and shrinkage of overall length were monitored. 
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TEST REPORT 03073101 (con't) 



TEST RESULTS: 

Initial yield was sensed at 1,500 psi, and was tracked through a linear 
movement of 0.012" growth as pressure increased to 10,000 psi. At 
10,500 psi material went into full plastic deformation and continuously 
leveled off at 10,500 - 1 1,000 psi until pressure was removed. Pressure 
was removed at a point when outside diameter had grown by more than 
1.25" at the largest point of growth (actual measurement 6.820" o.d.). 
Tube had shortened to an overall length of 17-1/2" (9/16" shrinkage). 
Growth in seal area itself was minimized to 54" diametrically due to lack 
of resistance in the center portion of the tube. 

SUMMARY: 

In summary, HydroPro has determined that, based upon the results of our testing that the tubing, 
tooling, and process are a good candidate for use on full length installation of sleeves from 
similar materials into a parent tube. A logical, and recommended, next step in the process would 
be to expand another tube into a representative parent tube. This will give an outer boundary for 
the sleeve to conform to and result in a more uniform expansion. We would be willing to 
perform this test at our facility with tubing supplied by you at no additional charge. 

I sincerely hope this meets with your requirements. If you have any questions, please call me at 
573-732-3318, or send me an email. Thanks again for your interest in our products and we look 
forward to continued work with you on this project 




Russell Wasson 
Engineering & Mfg. Mgr. 



Cprp Office: 
6298 Camino Verde Dr. 

San Jose, CA 95119 
Phone:(408)281-7344 
E-mail: rsswasson@hpro.com 




Midwest Office: 
2631 Highway J 
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1.0 Project Summary 
LI Project Objective 

The primary objective for the first phase of this project was to determine the feasibility of a Two 
Position Changeable Diameter (TPCD) expandable tubular tool. If a changeable diameter device 
is feasible, the second objective of this project was to determine the criteria for conceptualization 
and recommend a direction for the concept design phase. The only tool design requirement 
specified by GS Engineering was the ability of the TPCD tool to adapt into Enventure's current 
expandable tubular process. 

L2 Feasibility 

1.2.1 Feasibility Criteria 

In order to justify feasibility for a changeable diameter tool, several fundamental requirements 
were selected after analyzing expandable tubular systems. The fundamental system requirements 
were used to establish feasibility criteria from field case histories, current tool designs and an 
engineering evaluation. Each criterion was analyzed or investigated until a feasible solution or 
process could be identified. The list shows the key criteria selected to justify feasibility. 



1. Reduce system friction. 

2. Robust expandable cone mechanism. 

3. Reliable sealing during expansion, Isolate "Mud" below tool. 

4. Simple actuation method for expansion and contraction. 

5. Simple actuation signal. 

6. Minimize the number of components in the tool. 

7. Tool material. 



1.2.2 Feasibility Conclusion 

After an extensive evaluation of each criterion, it was determined that a Two Position 
Changeable Diameter tool design is feasible for a bottom up expandable tubular process. 
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13 Next Steps 

The feasibility anafysis generated two paths for the conceptualization phase. One path for 
conceptualization is a Two-Stage tool design. The first stage of the tool is a solid cone that 
initially expands the pipe and provides a "mud" isolation seal. The second stage utilizes a 
segmented expanding cone to expand the pipe to its final diameter. A Single-Stage drop-in device 
is the second path for conceptualization* The second tooling approach also utilizes a segmented 
expanding cone, but the expanding cone in this situation incorporates an integrated sealing device. 
The Single-Stage tool cone will expand after being lowered into the well, then the hydraulic fluid 
"mud" will force the tool up the pipe. The advantages of a drop-in tool are known, but the 
disadvantages in this case are the lack of experience with a completely new process and a new 
tool design. The time to market for a Single-Stage tool design and process could be significant. 
The two-stage tool is definitely the most realistic short-term solution. In this case, we 
recommend designing a Two-Stage changeable diameter tool while pursuing a Single-Stage 
(drop-in) tool The field experience gained with the Two-Stage expandable tool will be leveraged 
into the design of the Single-Stage drop-in tool in the future. 

Action Items 
Short Term 

o Begin Conceptualization Phase on Two-Stage Tool. 

o Lubricant and Cone Surface Testing - EGT project almost complete. (M. Shuster) 
o Material Experimentation and Selection - EGT Testing in process. (M. Shuster) 
o Actuation System Control Algorithm Development and Testing. 

Long Term 

o Single-Stage Drop-in Tool Conceptualization. 

o Pipe Integrity Testing- Collapse, Leakage, Connector Thread Design. 
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2.0 Project Description 

The low friction expandable tool project was broken into multiple phases due to concerns about 
the scope and feasibility of the project- In the first stage, the feasibility of an expandable tubular 
tool with a changeable diameter cone was investigated. If a changeable diameter tool is feasible, 
the project will continue to the conceptualization phase upon approval by EGT. The 
conceptualization phase will be followed by a testing and selection phase that will select the best 
concept and optimum design parameters. The last phase of this project will be the final design. 

2.1 Project Objective 

The objective of this project was to determine the feasibility of a changeable diameter expandable 
tubular tool. If a Two-Position Changeable Diameter device is feasible, the second objective of 
the project will be to determine the criteria for conceptualization and recommend potential 
avenues for the concept design phase. 

The changeable diameter tool should be capable of expanding and contracting from a specific 
diameter to another specific larger diameter. The expansion and contraction of the cone should be 
engaged or disengaged based on the pipe expansion or forming resistance. The project will 
determine the feasibility of a Two-Position Changeable Diameter device, not a variable diameter 
expansion device. The expansion cone will either be expanding the pipe to the set diameter or be 
collapsed. A variable diameter device that expands the pipe to any diameter between the set 
expanded diameter and the collapsed diameter will not be investigated at this time. 



3.0 Feasibility Criteria 

In order to perform an accurate feasibility study an industry overview was completed to identify 
the industry competitors and their respective processes. Each of the company's capabilities in the 
solid expandable tubular area was analyzed by design features and by ownership of intellectual 
property. The goal was to identify processes used in the industry and understand the problems 
and limitations of each process. The fundamental process information will be utilized to select 
criteria to justify feasibility. These criteria along with the best features of each design and process 
will be used in the selection of conceptualization criteria in the next phase. 

3.1 Industry Overview 

The three major players in the expandable tubular market are Enventure Global Technology, 
Baker Oil Tools, and Weatherford 1 . In this section we will outline the industries technical 
problems with expandable tubulars, characterize the major players processes and analyze the key 
features and design elements. 
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3.1.1 Expandable Tubular Pr blems 

In the past few yeare' expandable tubular technology has overcome many technical hurdles. It is 
now considered mainstream technology with the future directed towards MonoDiameter™ and 
Slimwell Systems 2 using solid and expandable tools. Even with all of the technical advances and the 
key future applications on the horizon, many issues still exist. The list below shows the industries 
primary problems, which may or may not, be directly associated with the solid cone and expanding 
cone tool designs. Selecting the issues that are directly related to the cone and tool design will be 
sorted in a later section. 

• Pipe Material Property Changes in the Forming Process 

• Pipe Connections, Sealing 

• Expandable Tool to Pipe Friction 

• Pipe Failures - Collapsing, Burst 

• Expansion of Thick Wall Pipe 3 

• Risk - Cost of Failure, "New Technology" Paradigm 
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3.1.2 Process Characterization 

The table below shows the key aspects of each company's expandable tubular expansion 
technique relative to the other processes. 

TABLE I 



| ENVENTUREGT | BAKER OIL TOOLS | WEATHERFORP" 



Expansion Method 


ooikj Gone 


Owl to oone 




in pill Loaa 


Hiah 


High 


Low 


Surface 

Requirements At 
Ground Level 


High Pressure Supply 


High Pressure Supply 
• 


Mechanical Rotation 
From Ground Level Or 
High Pressure Supply 
Mud Motor 


Forming Method 


Cold Working Pipe* 


Cold Working Pipe* 


Cold Working Pipe* 


Forming Effect 


Pipe Length Shrinkage 
Near 4% with Minimal 
Wall Thickness 
Reduction 2 


Ppe Length Shrinkage 
with Minimal Wall 
Thickness Reduction 


Pipe Wall Thickness 
Reduction with Minimal 
Pipe Length Shrinkage 


Friction Type 


Sliding 


Sliding 


Rotational 


Friction Level 


High 


High 


Moderate 


Lubrication 


None, 
If used in front of tool 
wedge 


None, 
If used in front of tool 
wedge 


None, 

If used in front of rotation 
tool 


Tool Components 


No Moving Parts 


Few Moving Parts 


Many Moving Parts 


Relative Tool Cost 


Low 


Medium 


High 


Patented Process 


Yes 


Yes 


Yes 


Tool Graphic 


Figure 1 


Figure T 


Figure 3 



♦The degree of cold working is different for each process and will yield different pipe properties 





Fig. 3 



Fig.l 
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3.1.3 Design Analysis f Current Expandable Tubular Systems 

The designs of the systems above all have advantages as well as disadvantages. The primary 
purpose of completing this basic comparison was to select the known benefits of each design for 
possible implementation into a changeable diameter tool design. The advantages and 
disadvantages were selected from data in articles and in case histories. The results in this section 
are unique because the conclusions are drawn from reference materials with engineering 
perspectives. However, the information in the table was subjective based on the author of the 
reference material Each hern was compared in relation to the other listed processes. 

TABLE II 



ENVENTUREGT BAKER OIL TOOLS WEATHERFORD 



CD 
CD 



5 
■o 
< 



* Low Tool Cost 

S Simple Design 
No Moving Parts 

* Minimal Ground 
Facilities 



* Simple Design, 

Some Moving Parts 
S Top-Down 

s Minimal Ground 
Facilities 



Low Working Loads 
Top-Down 



I 

I 



High Tool Friction 
Bottom-Up Design 
Risk of Tool Jam 



High Tool Friction 



Complex Design, 
Many Moving Parts 
High Wall Collapse 
Risk 

High Tool Cost 
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32 Tool Requirements and Criteria 

The feasibility for the TPCD tool was based on a set of criteria. The criteria was established from 
background information, field experience and an engineering review. These criteria were then 
used to justify feasibility. The specific focus of this project was on the feasibility of the TPCD 
tool The feasibility of other expandable tubular problems, such as, collapse, connection leakage, 
pipe threads will not be addressed. However, these issues will not be ignored when justifying 
feasibility of designing a changeable diameter tooL 

3.2.1 Tool Requirements 

The only tool design requirement specified by GS Engineering was the ability of the TPCD tool 
to adapt into Enventure's current expandable tubular process. For example, the basic Openhole 
Liner System (OLS) is shown. The changeable diameter tool should only effect the actual pipe 
expansion process step. This requirement will limit any changes to the ground facilities or 




equipment. This requirement however, indirectly specifies the input loading method applied to 
the tool to expand the pipe and the expansion direction. In this case, the hydraulic fluid "mud" 
will be the working fluid used in a bottom-up tooling system. The feasibility of a changeable 
diameter tool must meet these high level requirements. 

• Minimal or no change of ground support, systems or equipment. 

■ Bottom -Up expandable tubular system with "mud" as working fluid. 
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3.2.2 Criteria from Backgr und Inf nnati n 

The overview of the industry indicated several areas for improvement in the expandable tubular 
process. The industry desires to increase expansion ratios, reduce input supply pressures and 
expand thicker walled pipe. All of these areas are indirectly affected by the systems friction. A 
reduction in friction will reduce input pressure, allow for higher expansion ratios and/or permit 
the use of thicker wall pipe. The first criterion selected to justify feasibility of a TPCD tool is 
the ability to reduce system friction. 

Feasibility Criteria 

1. Reduce System Friction - Cone to Pipe. 



3.2.3 Engineering Criteria 

An engineering analysis of the changeable diameter system revealed another set of feasibility 
criteria for the TPCD tool components. The tool components must meet certain criteria to be 
deemed feasible. The first critical component in the changeable diameter system is the 
expanding cone. The integrity of the expanding cone device and its related components are 
essential to the feasibility of the tool. The second criterion in a bottom-up hydraulically driven 
TPCD tool is the seal The method vised to seal the mud below the tool is vital for driving the 
tool up the pipe. This tool seal must maintain its integrity at its fully expanded position and 
throughout expansion from the contracted position. The next important component that will 
effect feasibility is the actuation device and the activation signals that engage or disengage the 
expanding cone device. The actuator must be capable of expanding the cone segments while 
experiencing intense loading. The large localized loading of some components may require 
special materials or coatings. The material of the various components will not be selected in this 
phase, but will be examined to determine any material limitations. The final criterion relates to 
the dependability of the tool. Simple systems are always more dependable, so minimizing the 
number of components and complex motion is important. The list below summarizes the 
selected engineering criteria. Each of the engineering criteria discussed will be analyzed in the 
next section to find a suitable process or fundamental design to justify feasibility. 

2. Robust expanding cone mechanism. 

3. Reliable sealing during expansion. 

4. Simple actuation method for expansion and contraction of cone mechanism. 

5. Simple actuation signal 

6. Minimize the number of components in the tool. 

7. Tool Material 
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4.0 Feasibility 

4.1 Feasibility Analysis 

The analysis will determine if the changeable diameter tool criteria meet the requirements for 
feasibility. Each criteria will be analyzed independently for feasibility. In some cases potential 
solutions will be provided. The solutions whether concepts, ideas or designs will be captured for 
use in the conceptualization phase 




REDUCE SYSTEM FRICTION - CONE TO PIPE 



Feasible? 



YES 



The energy saved by reducing friction can be used for pipe forming, actuating the 
expansion device, reducing input supply pressure or using thicker walled pipe. 
Research by EGT has shown significant reductions in friction by incorporating high- 
pressure lubrication, using high performance lubricants and by using various cone 
surface designs. The hydroelectric high-pressure lubrication assistance concept or 

multiplicator may be required to provide additional reductions in friction. 

High Pressure Lubrication System, Various Cone Surfaces, High Performance 
Lubricants 



i 


ROBUST EXPANDING CONE MECHANISM 


Feasible? | YES 


Several expandable cone mechanisms were investigated as potential means to justify 
feasibility. The design of a durable expandable cone is mostly limited to a system of 
independent segments. Research at EGT has shown the effects of cone segment gaps. 
Once the gap between segments becomes to large, axial slots or grooves form in the 
pipe. The key to reducing the effect of the cone segments on the pipe ID is the design 
configuration of the segments. Various assembly configurations with independent 
segments are possible. The configuration could be a sequence of layered segments or 
radial arc segments or pie shaped wedges. A wedge design that is utilized by Baker 
Hughes 5 is shown below. Other functional designs that minimize the gap effect on 
the pipe I.D. are possible. 


' 


; 


1 

i 

i 


' 




Figure 4 
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RELIABLE SEALING DURING EXPANSION Feasible? 


YES 


This is the most complex issue in a bottom-up tooling system. Sealing an expandable 
cone, which consists of multiple expanding segments, continuously during expansion 
and retraction is very difficult. This issue will be the key design consideration of 
every concept A unique and simple solution is a Two-Stage cone tool. The first 
stage of the tool is a standard solid cone that begins pipe expansion and the second 
stage is an expandable cone that expands the pipe to its final dimension. The first 
stage cone forms the mechanical seal with the pipe isolating the "mud" below the 
tool. A Single-Stage device with a sealed changeable diameter cone is also possible. 


Two-Stage tool. (Figure 5) 






MINIMIZE THE NUMBER OF COMPONENTS IN THE TOOL Feasible? 


YES 


The intent of this criteria was to limit or minimize the number of components making 
up the tool, such as valves, actuators, bearings, cone segments, etc. A simple tool 
design will control dependability, cost and risk. A relatively simple system is possible. 





SIMPLE ACTUATION METHOD FOR EXPANSION AND 
CONTRACTION OF CONE MECHANISM 


Feasible? 


YES 


A feasible system must facilitate one actuator for all expanding cone segments. The 
preliminary concept shown in Figure 5 uses a hydraulically driven wedge to 
mechanically expand the cone segments. A feasible design for a simple actuation 
method is possible. 





SIMPLE ACTUATION SIGNAL Feasible? YES 


The control method for actuation is another key element that will directly affect the 
feasibility of the changeable diameter tooL After analyzing a TPCD system, it was 
determined that actuation control methods such as, mechanical, electrical and/or 
hydraulic are possible. Some methods are more cost effective than others, but until a 
final concept is designed, it would be premature to select a control scheme. 
One possible solution is a tool with a single actuator that is engaged by the tool string 
and disengaged by a "mud" pressure limit switch. In this case, when the mud pressure 
exceeds a preset limit, the actuator will be disengaged and retract the expandable 
cone. One example was shown, but many control algorithms for a changeable 
diameter tool are possible. 




Mechanical, Electrical and/or Hydraulic Signal 
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TOOL MATERIAL 



Feasible? | YES" 



A basic calculation was completed on a segmented cone exposed to typical loading 
during expansion. The results showed the cone components operating at a level ten 
times less than the yield strength of a standard tool steel. For this reason the material 
properties will not limit feasibility. Material properties should not be an issue, but 
additional requirements maybe necessary to prevent wear, friction and environmental 

effects. 

Tool steels or high strength, high toughness materials with corrosion resistance will 
be wefl suited for this tool. In this case, the loading on the tools forming surfaces 
(cone surfaces) is extremely high and will prevent the use of coatings. Other 
components such as the actuator and actuator assembly components may need 
coating to reduce friction, wear and corrosion. A material selection program is 
currently underway at Enventure based on materials recommended in GS Engineering 
Project 3202. 



4.2 Feasibility Result 

The feasibility analysis indicates that many issues exist for a changeable diameter tool design 
However, after a thorough analysis, it is concluded that no major engineering roadblocks exist 
which would prevent designing an expandable tool. A design of a changeable diameter tool is 
feasible. 
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5.0 Next Step 

5.1 Paths for Conceptualization 

The analysis of the feasibility criteria generated two potential paths for conceptualization. The 
paths produce a similar result, but employ very different methods. The first path is basically a 
modification to the existing EGT expandable tubular process. This path consists of a Two-Stage 
expandable tooL This conceptual idea utilizes the same ground support equipment and launcher, 
but integrates two cones into one tool. The first stage cone produces a mechanical seal to isolate 
the working fluid "mud" below the tool. This stage is essentially the current EGT expandable 
tubular tool with a relatively small pipe expansion ratio and a high-pressure lubrication system. 
The first stage pipe expansion ratio can be as little as 1 % of the overall pipe expansion or enough 
to create a robust seal. The second stage incorporates a changeable diameter cone that can be 
expanded or contracted from an input signal. Figure 5 shows the basic conceptual idea. This path 
for conceptualization is the most realistic for many reasons. The primary reason is based on cost 
and timing. This conceptual idea is an extension of EGT's current process and technology. This 
alone will minimize development and time to market. 

Test results from Dr. Shuster's team on cone surfaces with high-pressure lubrication helped to 
justify the Two-Stage path. The EGT team tested two cone surfaces designs for another tool 
project that was leveraged into the Two-Stage concept. One of the results was for a stepped cone 
and the other was for a vertically slotted cone. The two steps in the stepped cone test simulated 
the step from the stage one cone to the stage two cone. The slotted cone test simulated the gap 
between the expandable cone segments. The results from both cone surface tests did not show 
any additional frictional effects on the expandable tubular system. 

Second First 
Stage Stage 
Expandable. Cone Solid Cone 



Cone 
Retracted 



Second Stage 
Actuator 



High 
Pressure 

Lube 
System 

<Stage 1 Dnly) 



Cone 
Expanded 





Figure 5 
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The other path for conceptualization is a Single-Stage changeable diameter tooL This path is the 
ultimate goal, but will require extensive research and development along with field-testing- The 
time to bring a functional design to the market will be 2 to 3 times longer than with the first path. 
The preliminary idea for the second concept path is a changeable diameter tool that could be 
dropped in the pipe. This tool would expand the pipe with a continuously sealed expanding 
segmented cone. Even though this device and process seem relatively simple, this concept idea 
will require a significant amount of testing and development to reach the market. 
In both concepts, the Single-Stage and the Two-Stage, development of the tool must take place. 
The two-stage concept will require less tool design and development effort because of its 
compatibility with the current Enventure process. The single stage on the other hand may take 
the same amount of time to design, but testing and development of a new process and all support 
systems and equipment will be significantly more time consuming. Table III below summarizes 
the benefits of each conceptualization path. 



TABLE HI 





Two-Stage Concept Path 


One-Stage Concept Path, 


m 
U 

m 

if 


s Short Time to Market 

* Simple Design 

✓ No Ground Support Changes 

* Guaranteed Minimal Expansion 
(1 rt stage) 


/ No Launcher, Unlimited Pipe 
Expansion Range 

/ Top-Down 

s Reusable Tool, Replaceable 
Cone Segments 

✓ Reduced Risk 




m 
1 

aft 

m 
vi 

M 

0. 


» Limited Pipe Expansion Ratio 
■ Risk of Tool Jam 


■ Some Ground Facilities Changes 

■ More Complex Design 

■ Longer Time to Market 
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5.1.1 Intellectual Property Review 

Before proceeding to the conceptualization phase a review of patents and patent applications 
was completed. Two potential conceptualization paths were identified in the previous sectioa 
The purpose of the general intellectual property review was to determine if other roadblocks 
exist which would prevent proceeding down these paths to find an engineering design sohitioa 
Over 50 Patents and Patent Applications were reviewed for expandable tooling designs. The 
cover page of several Patent Applications and Patents reviewed are shown in the Appendix. 
In summary, after a basic review of published intellectual property, GSE was unable to find any 
information that would prevent continuing to the next phase. The intellectual property 
information discussed in this report is preliminary and should be formally review by EGT legal 
department where necessary. 

6.0 Conclusions 

The most realistic tooling approach for a changeable diameter tool will be the Two-Stage 
concept. This option is capable of being implemented in a reasonably short period of time. A 
Single Stage changeable diameter tool is also feasible, but development time will be much more 
significant. 
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9.0 Appendix 

9.1 Patent and Applications Reviewed 
9.1.1 Patent Applications 

1 20030075339 Wear Resistant, Variable Diameter Expansion Tool and Expansion Methods 

2 20030121558 Radial expansion of tubular members 

3 20030098154 Apparatus for radially expanding tubular members 

5 20030094279 Method of selecting tubular members 

6 20030094278 Expansion cone for radially expanding tubular members 

7 20030094277 Expansion cone for radially expanding tubular members 

8 20030140673 Tubing expansion 

9 200301 1 63 19 Methods and compositions for sealing an expandable tubular in a wellbore 

10 20030047323 Expandable hanger and packer 

11 20020139540 Method and apparatus for downhole tubular expansion 

12 20020100594 Wellbore casing 

13 20020092657 Method of applying an axial force to an expansion cone 

14 20020079100 Apparatus, methods, and applications for expanding tubulars in a wellbore 

15 20020074134 Apparatus for actuating an annular piston 

1 6 20020 1 85274 Apparatus and methods for expanding tubulars in a wellbore 

17 20020100593 Preload for expansion cone 

1 8 20020092657 Method of applying an axial force to an expansion cone 

19 20020084078 Method of operating an apparatus for radially expanding a tubular member 

20 20020074 1 30 Apparatus for radially expanding a tubular member 

21 20010045284 Apparatus and methods for expanding tubulars in a wellbore 



9.1.2 Patents 

1 6578630 Apparatus and methods for expanding tubulars in a wellbore 

2 6,334,351 Metal pipe expander 

3 6,470,966 Apparatus for forming wellbore casing 

4 6,543,552 Method and apparatus for drilling and lining a wellbore 

5 6,557,640 Lubrication and self-cleaning system for expansion mandrel 

6 5,101,653 Mechanical pipe expander 

7 6,568,471 Liner hanger 
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US20U30075339A1 

(i9) United States 

(J2) Patent Application Publication (io> Pub. No.: us 2003/0075339 Ai 

GanoctaL (43) Put). Date: Apr. 24, 2003 



(54) WEAR-RESISTANT, YARIAR1JC DIAMETER 
KXBVNStON TOOL AND KXFANSION 
METHODS 

(76) Inventors: John C Uano, Carrolliun, TX (US); 

Kenneth I*. StiiwcurJeniiinn, Flower 
Mound, TX (USX Darrin N. Tbwerc, 
CnoQlon, TX (USX Rabph Harrey 
Echols, Dallas TX (USX Pory Carter 
Shy, SootbJafce, TX (US) 

C or re s pondence Address: 

HALLIBURTON ENERGY SERVICES, INC 

P.O. Bnx *1 9052 

Dallas, TX 75381-9052 (US) 



(21) App1.No.: 

(22) Filed: 



10047,628 
Oct. 23, 2001 



(52) U5.a 



(57) 



.16*380; lfW207; 1667383 



ABSTRACT 



(51) uta 7 



E21B 43/11 



'11k inventions provide apparatus aod methods for radially 
expanding a tubular deployed in a subterranean veil by 
moving an expansion tool axiaHy through the well. An 
expansioo tod apparatus may have wear frees attached to at 
basi a portico of (he outer periphery of a mandrel lot 
contac ti ng die interior surface of the pipe, tube, or screen 
during expansion. According to another aspect of the inven- 
tion, an expansion tool has a controlled egress seal between 
the crater surface of the tool and the inside surface of the 
expandable tubular. According to another aspect of toe 
invention, an automatically variable diameter capons uo too] 
is provided having a variable diameter cone, which expands 
and contracts based on mpot from one or more sensors. 
According to another aspect of the invention, an apparatus 
and method rnrexptnding a length of screen assembly in a 
subterranean wdlbarc is provided. 
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US 2U030121558A1 

(iv) United States 

to Patent Application Publication <io) Puh. No.: US 2003/0121558 Ai 

Cooketal. (43) Piib. Date; JoL 3, 2003 



(54) RADIAL EXPANSION OF TUBULAR 
MEMBERS 

(76) lnvcmurc Robert Lance Cook, Kaly, TX (US); 

Richard Carl Haul, Sugar Laud, TX 
(US* Houston. TX (US); 

Tbomns Patrick Gnat DL Sao 
Amooio, TX (US); Edwta Arnold 
ZwaM, Houston, TX (US); Aodm 
Gr«dt7 RUppnr, (US) 

Correspoodeoce Address: 
lbc« Muttingtv 
RsjDes tad Boone, LLP 
Suite 4300 



TX 77002-5012 (US) 

(21) Appl.Nb.: 10000,992 

(22) Vfe£ Not. 22, 2002 

Related ^.Application Itata 

(60) Coclimitiuo of application No. PCf/USOl/19014. 
filed oo Jim. 12, 2001. Con linn alkm-in-pari of appli- 
cation No. 09/852426. filed oo May 9, 200L now 
Pal. No. 6wS6LZZ7, which is a divajoo of tpplicaiioo 
No. 09/454439, filed od Dec. 3, 1999, now Pal. No. 
6,497,289. Ccotinuatioo-in-pan of application No. 
09/510,913, filed oo Feb. 23, 2000. Cb*throitkm-m- 
part of application No. 09/502^50. Rkd <n Feb. If), 
2000, now abandoned. Continuation-in-part of appli- 
cation No. 09/969,922, filed on Oct. 3, 2001 , which is 
a continuation of application No. 09/440338, filed on 
Nov. 15. 1999, now Pet No. 6,328,113. Contaiiuiioo- 
m^art of apphcalion No. 10/169,434. Continual 



in-pait of application No. 097523,460, filed on Mat. 
10. 2000, now abandoned. Qjotinuatioo-m-patt of 
applicatioo No. 09/512JB9S. filed oo Feb. 24, 2000. 
Cue linualiuc-in -pari of applicaiion Nu. 09/511,941, 
filed on Icb. 24, 2000. Coniioualion-in-pari of ippu- 
cauon No. 09/588,946, filed on Jun. 7, 2000, now Pat 
No. 6,557,640. Continuation-in-part of application 
No. 09/559422, filed on Apt 26, 2000. 

Provisional application No. 60/212359, filed on Jun. 
19, 2000. Pniviminal application No. 60/111,293, 
filed oo Dec 7, 1998. Provisional application No. 
60/121 ,702, filed on Feb. 25, 1999. Provisional appli- 
cation No. 60/119,611, filed on Feb. U, 1999. Pro- 
visional appbcatwD No. 60/108*558, filed oo Nov. 16, 
1998- Provisional applicaiion No. 60/124,042, filed 
on Mar. 11, 1999. Proviaooal applicaiion No. 60/121, 
841, filed on Feb. 26, 1999. Provisional application 
No. 60/154,047. filed on Sep. 16. 1999. Provisional 
applicaiion No. 60/121,907, filed on Feb. 26, 1999. 
Provisional apphcatkra No. 60/137,998, filed on Jun. 
7, 1 999. rMwrtnonal appficaikra No. 6071 3 1 ,106, filed 
on Apr- 26, 1999. 



(51) Int. a 7 

(52) vs. a. 



(57) 



P16L 53/16 

. 138m 264/36.16; 138797; 

264/269 



ABSTRACT 



An apparatus and method for coupling a tabula/ member to 
a prccxifcting structure. The tubular member a anchored to 
the preexisting structure and an ejroansion member is pulled 
through the tubular member to radially expand the tubular 
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US20030098154A1 

(i9> United States 

(u) Patent Application Publication uo Pub. No.: US 2003/0098154 Al 

Cook et aL (43) Pub. Date: May 29, 2003 



(54) APPARATUS FOR RADIALLY EXPANDING 
TUBULAR MEMBERS 

(75) Inventors: Robert Lance Cook, Kity, TX (US); 

Dark) fenl Brisco, Duncan, OK (US); 
Lev Ring. Houston, IX (US); Robert 
Donald Muck, Kaiy, TX, (US); Alan B» 
DueD, Duncan. OK (US); Andrei 
Gregory FUJppoY, Katy, TO (US) 

CorrtspondcDoe Address: 
HAYNES AND BOONE, LLP 
1000 LOUISIANA 
SUITE 4300 

HOUSTON, TX 77002 (US) 
(73) Assignee: SacfiOflCo. 

(21) Appl.No.: 10/261,925 

(22) rfled: Oct 1,2002 

Related US. Application Data 

(60) Division of application No. 09/588,946, filed on Jun. 
7, 2000, which b a ourainualion-io-pait of apphcalion 



(60) 



No. 09/559,122, filed on Apr. 26, 2000, and which is 
a continuation-in-part of application No. 09/523,460, 
filed on Man 10, 2000, now abandoned, and which is 
a contimutaoa-in-pan of application No. 09/510,913, 
filed on Feb- 23, 2000, and winch is a contizniation- 
io-pan of application No. 09/502350, filed on Feb. 
10, 2000, now abandoned, and which is a continua- 
tion-in-part of application No. 09/454,139. filed os 
Dec 3, 1999, now Pal. No. 6.497,289. 

Provisional application No. 60/131,106, filed on Apr. 
26, 1999. Provisional application No. 60,124.042, 
fikd on Mar. 11, 1999. Provisional application No. 
60/121.702, filed on Feb. 25, 1999. Provisional appli- 
cation No. 60/119,611, filed on Feb. 11, 1999. Pro- 
visional application No. 60/111,293, filed on Dec 7, 
1998. 



Publication Cla*lftcatk>n 



(51) Int-CL 7 

(52) US. a. 



R21B 23/00 

.160206; 1667207; 166.717 



(57) ABSTRACT 

An apparatus for radially expanding tubular members. 
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(i9) United States 
en) Patent Application Publication m Pnh. No.: US 2003/0094279 Ai 

King* iL (43) Pub, Date; May 22, 2003 




US2n03fl094279Al 



(54) MtflHOl) OF SELKCI1NC TUBULAR 
MEMBERS 

(75) Inventors: Lct Ring, Houston, TX (US); Robert 
DoeraW Mack, Katr, TX (US); Aadrd 
Gnijtofj FUlppov, Katy, 'l^X (US) 

Correspondence Address. 
HAYNES AND BOONE, LLP 
ItOQ LOUISIANA 
SUITE 4300 

HOUSTON, TX 77002 (US) 
(73) Assignee: Shell OB Co. 

(21) AppL No.: 10/262,009 

(22) Filed: Oct 1,2002 

Related U.S. Application Data 

(60) Division of application No. 09/588,946, fikd colon. 
7, 2000, whidb is a cuntxnuatiun-iD-part of application 
No. 09559,122, filed on Apr. 26, 2000, tod which is 
i amiiPMlion-in-pan of application No. 09/523,460, 



fikd on Mir. 10, 2000, now abandoned, and which is 
a continuation-in-part of application No. 09.510,913. 
filed od Feb. 23, 2000, and wbkb is a uxolinuauoo- 
in-pan of application No. 09/502350, fikd oo Feb. 
10, 2000, now abandoned, and which is a cuotimia- 
tioo-in-pan of application No. 09/454439, fikd on 
Dec. 3s 1999, now Pal. No. 6,497,289. 

(60) Piuvisuoal application No. 60/131.106, filed oc Apr. 
26, 1999. Provisional application No. 60/124,042, 
fikd on Mai. 11. 1999. Pro visum] application No. 
60/121.702, fikd on Feb. 25, 1999. ProvisionaJ appli- 
cation No. 60/119*11, filed on Feb. 11, 1999. Pro- 
visional application No. 60/111,293, filed on Dev. 7, 
1998. 

PtahrmrtiMi Qagjfiattoo 

(51) Int. CL' E21B 47/00 

(52) as. a i6cvmoi; 166,382 



(57) ABSTRACT 
A method of selecting tubular members. 
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US20Q30094278A1 

(i9) United States 

(12) Patent Application Publication w Pub. No.: US 2003/0094278 Al 



Cook et at 



(43) Pub. Date: May 22, 2003 



(54) EXPANSION CONE FOR RADIALLY 
EXPANDING TUBULAR MEMBERS 



Robert Ijhicc Cook, Katy, TX (US); 
DavH Pan! Brisco, Duncan, OK (US); 
Ltr Ring. Houston, 1"X (US'); Abo & 
Doefl, Duncan, OK (US); Andrei 
Gregory Flllppov, Kaiy, TX (US) 



(75) 



HAVNES AND BOONE, LLP 
1000 IjOUJSIANA 
SUITE 4300 

HOUSTON, TX 77002 (US) 
(73) Assignee: SnclJ OtJ Co. 

(21) ApplNa: 1W261^27 

(22) Filed: Oct. 1,2*02 

Related US. Application Data 

(60) Division of application No. 09/588,946, filed on Jan. 
7, 2000, wbki is a coolimtalxn-b>put ot app bcaiion 
No. 09/559,122, fikd oo Api. 26, 2000, and which is 



(00) 



a cuolinuition-iD-pan cl ipphtaiioD No. 09/523,460, 
filed on Max. 10. 2000, now abandoned, and which is 
a cootinuation-in-pan of application No. 09/5101913, 
filed on Feb. 23, 2000, and which is a continnalion* 
in-cut of application No. 09/502,350, filed on Feb. 
10, 2000, now abandoned, and which is a continoa- 
txn-in-pait of application No. 09/454,139, filed on 
Dec. 3, 1999. bow Pat No. 6,497,289. 

Provisional application No. 60/131,106, filed on Apr. 
26, 1999. Provisional application No. 60/124,042, 
filed on Mar. 11, 1999. Provisional appficarion No. 
60/121.702, filed on Feb. 25, 1999. Provisional appli- 
cation No. 60/119*11, filed on Feb. 11, 1999. Pro- 
visional application No. 60/311,293, filed on Dec 7, 
1998. 



(51) IntO. 7 

(52) U&GL 



K21B 23/00 

.166/212; 166307; 166/217 



(57) ABSTRACT 

Ac expansion cone for radially expanding tubular members. 
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d9) United States 

(u) Patent Application Publication w Pni*. No.: ts 2003/0094277 Al 
Cook et aL (43) Pob. Date: May 22, 2003 



(54) EXPANSION CONK FOK RADIALLY 
EXPANDING TUBULAR MEMBERS 

(75) Inventors: Robert lance Cook, Katy, TX (US); 

David faul Hrto, Duncan, OK (US); 
Lev Ring, Houston, *1"X (US); Akn 
Duefl, Duncan, OK (US); Andrd 
Gregory RlipfOY, Katy, TX (US) 

Coucspoodcocc Address: 
HAYNES AND BOONE, LLP 
1000 liKJISlANA 
SUITE 4300 

HOUSTON, TX 77002 (US) 
(73) Assignee: Shell 00 Co. 

(21) Appl.Na: 10/260,008 

(22) Filed: Oct. 1,2002 



Retatod US. Application Data 

(60) Dhrbion of application No. 09/588,946, fikd on Jim. 
7, 2000, which « a corrtinuatirnvin-part of application 
No. 09559,122, filed on Apr. U, 2000. 

(60) Provisional application No. 60/131,106, filed on Apr. 
26,1999. 



(51) IntCt 7 . 

(52) VS. CL . 



E21B 23/02 
16W207 



(57) ABSTRACT 

An expansion cone for radially expanding tubular members. 
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US20G30075337A1 

P9) United States 

en) Patent Application Publication w i^xk no.: US 2003/0075337 Al 

Maguire (43) Pub. Date; Apr. 24, 2003 



(54) METHOD OF EXPANDING A TUBULAR 
MEMBER DS A WEULBORE 

(75) Inventor Patrick G. Mugutrc, Qrnress, TX (US) 

Correspondence Address: 

MOSER, PATTERSON & SHERIDAN, LXJP. 

3040 Ftat Call BIwL, Suhc 1500 

Houston, TX 770S6 (US) 

(73) Assignee: WeatbertoitVLnnb, Inc. 

(21) Appl.No.: lWm&X 

(22) FikcJ: Oct. 24, 2001 



(57) 



ABSTRACT 



(51) Int. CI. 7 

(52) US.CL 



E21B 23/00 



.166/380; 166/207; 166/3A4 



The present invention provides methods for expanding a 
tubular with the aid of a compressive force. A tubular, such 
as a siring of casing, is run into a wellbore on a wuriring 
string, eg, drill pipe. A carrying mechanism such as a coUct 
is osed to rtleasably lOach the first tubular to the working 
striog during run-in. The cuhular is then expanded into 
fncUooal engagement with another tubular therearound 
within the weUbore. During the expansion process, a com- 
pressive force is appbed to the portion of the tutelar being 
expanded, b one aspect of the invention, a hydraulic ram is 
positioned above the string of casing and is activated by toe 
injection of finid under pressure in order to apply the 
compressive three to the expandable tubular. In another 
aspect of the invention, the portion of casing or other 
expandable ttxralar to be expanded is prc-strcsscd, sect as to 
impart a barrel shape, in order to bias the tubular to more 
easily buckle outwardly during expansion. 
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US2UQ30121655A1 

(i9) United States 
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(54) THREADED APPARATUS FOR 
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(57) 



ABSTRACT 



(73) Assignee: Weatterford/Lamb, Inc. 

(21) Appl.No.: 10/034^592 

(22) Hied: Dec 28, 2001 

Publication < 



(51) Int. CI 7 

(52) U.S.O. 



. E21B 19/16 



. 1667207; 166/380 



An apparatus for translating an expander tool within a 
wcllbore. The apparatus enables an expander tool to be 
moved axially within a wcllbore during to expansion opera- 
tion without raising or lowering the walking siring during 
toe expansion operation. In one aspect, the apparatus com- 
prises a shall, a nul member which rides along the shall 
when the shaft is rented, and a recess connected to the cot 
member for receiving the shaft as the not member travels 
axially along the shaft. The expander tod is connected al an 
end to the mu member such that translation of the nul 
member along Ibc shall t>avcs to IranslaU; Ibc expander tool 
axially within the weHborc. In one aspect, the shaft employs 
helical threads for incrementally advancing the not member 
upon rotation of the shall In a farther aspect, the apparatus 
includes a out housing for holding the nnt member, and a key 
member disposed within the circumference of the out and 
the nul H*"*"^ Has Ley member extends into a spline 
fabricated into the inner surface of the tabular tn be 
expanded, such as a lower string of casing, in maiau in the 
nut member in a non-rotational manner during rotation of 
the shaft. 




360 



Enventure Global Technology Business Confidential 

FormGS-l 



Project Report: PR -3205-1 


gig* ENGINEERING 


Page 26 of 47 


Issue Date: 8/11/03 Author: M. Shade 


^ V Plymouth, MI 


Rev. - 



US 200301 11234A1 

do) United States 

(12) Patent Application Publication w Pufc Na: US 2003/0111234 Al 

McClurtdn et al (43) Pub. Date; Jim 19, 2003 



(54) TECHNIQUE YQH EXPANDING TUBULAR 
STRUCTURES 
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TXfUS) 
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P.O. Box 1590 

towharoo.rX 77583-1590 (US) 



(21) Appl.No.: 

(22) Filed: 



10/028,949 
Dec 17, 2001 



Pobtkatton Oaariflolkm 



(51) tatOL 7 . 

(52) US.CI . 



E21B 2*00 



.16WM; 166/207; 166/380 



(57) 



ABSTRACT 



A system for expanding tubular structures foe system 
oonipises 

a mandrel that is moved through the center of a 
tubular structure to increase the diameter of the tubular 
structure via deformation. The system utilizes an expansion 
device having a mandrel with multiple segments moved 
between a contracted state and an expanded state, m one 
embodiment, the mandrel segments are spring biased to 
permit a degree of independem movement of each mandrel 
segment with respect to the other mandrel segments. 
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(73) Assignee: WeatberfonVLamb, Inc. 
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(57) ABSTRACT 

Ao apparatus and method of creating a seal between two 
coaxkl tubulara so as to create a hanger and a packer. A first 
tubular is disposed coaxizDy within a portico of a second, 
larger tubular. A portion of the first tubular is expanded into 
ihetiooal contact with the sccunJ lobular, thereby creating a 
finer and a hanger. In one embod i ment, a partem of grooves 
is formed in tbe surface of a portion of the fhbi tubular body. 
'Hat grooves in one aspect define a continuous pattern about 
tbe circumference of Has tubular body which intersect to 
form a plurality of substantially identical shapes, such as 
diamonds. The grooves serve to improve the tcnsQe strength 
of the tubular body. Al the same lime, tbe grooves allow Eur 
expansioQ of tbe tubular body by use of less radial force. The 
grooves further provide a gripping means, providing addi- 
tional fricrional support for hanging the expanded tubular 
onto the inner surface of a unrounding second tubular. The 
apparatus and method optionally provides a pKable material 
fabricated within the grooves oo tbe outer surface of the 
tubular body. In addition, carbide inserts are preferably 
interdisposed within the pattern of grooves, providing addi- 
tional gripping means when tbe soaDer diameter tubular 
body is expanded into the second tubular. 
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(57) 



. B21D 39/08 
72/58 



ABSTRACT 



In as embodiment of the invention, there is disclosed a 
tubing expansion tool (300) comprising a body (302) 
adapted fur rotation within tubing to be expanded, and three 
expansion member modules (306) each comprising an 
expansion member (3 It) rotitaWy mounted with respect to 
the body (308), cadi cxpxnsiuo member module (306) being 
fcleasabty coupled to the body (302) as a unit. 
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(54) METHODS AND COMPOSITIONS W)R 

SEALING AN EXPANDABLE TUBULAR IN A 
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523/130 

(57) ABSTRACT 

Methods ami compositions are provided toe sealing an 
expandable tubular io a weDbore wherein the method* 
basically comprise placing the expandable tabular io the 
wcHborc, placing a resilient sealing cumposniao inlo ihc 
wellborc, expanding the expandable tubular and allowing 
inu scaling cumputritino lo scl in Iho wcBbocv. 
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(57) 
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ABSTRACT 



.E21B 4V10; E21B 23/02 



Ad apparatus and method of creating a seal between two 
coaxial rubulars so as to create a hanger and a packer. A first 
tubular is disposed ooaxially within a portion of a second, 
larger tubular A portion of the Gist tubular is expanded into 
Eridional cortacj with the second tubular, thereby creating a 
liner sod a banger. In one embodiment, a pattern of grooves 
and profile cms are formed in the surface of a portion of the 
Oral tubular body. The grooves in one aspect define a 
continuous pattern about the circumference of the tubular 
body which intersect to form » plurality of substantially 
identical shapes, such as diamonds. The grooves and profile 
cuts serve to improve the tensile strength of the tubular body. 
At the same time, the grooves and profile cuts allow for 
expansion of the tubular body by use of less radial force . Tbc 
grooves and profile cuts further provide a gripp ing means, 
providing additional friction tl support for banging tbc 
expanded tubular onto the inner surface of a surrounding 
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(52) vs. a. 



<57) 



ABSTRACT 



1 oe present invention provides apparatus and methods for 
expanding tubulin in i weilbore. In one aspect, a process of 
sealing an annular area in a wellxxe is provided in which a 
tubular having perforations at a predetermined location and 
a sleeve concentrically covering substantially all of the 
perforations is expanded into substantial contact with an 
inner diameter of a tubular, such as a casing or a liner. In 
soother aspect, a process of sealing an annular area in a 
wcllbuTc is provided in which a tubular having perforation 
at a predctenmrxd location and a sleeve concentrically 
coving substantially all of the perforations is expanded into 
substantial contact with a junction between ft 
such as a nner and a casing, or between two finer*. 
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(57) 



ABSTRACT 



An apparatus and method for forming a weDborc casing. An 
axnulax piston is riiffplwT^ in the axial diicction by pressur- 
izing an annular piston chamber, 'lite axial Higp><«>m«'ii of 
the piston radially ry pffffe a tubular member into contact 
with a preexisting ttfnilar member. The radially expanded 
liner banger is then decoupled Cram the apparatus. 
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A method of applying an axi&l force to to expansion cone. 
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(57) ABSTRACT 



The present invention relates to methods and apparatus for 
expanding tabular* in a weHbort. In one aspect of the 
invention, an ejcpansjoo tool wilh bydnulfcally actuated, 
radially expandable members is disposed on a string of coil 
tubing. In another aspect of the invention the apparatus is 
utilized to expand a tabular lining a lateral wcllborc into 
contact with a window of a larger tubular lining a central 
wellborn. The tabular lining can comprise nonporous or 
porous material. 
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An apparatus for actuating an annular piston. 
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ABSTRACT 



Toe present invention relates to methods and apparatus for 
expanding Cutralare in a wellborc. In one aspect of the 
invention, an expansion tool with hydrauhcaliy actuated, 
radially expandable members i* disposed on a string of coil 
tubing. In another aspect of die invention the apparatus is 
utilized to expand a tubular lining a lateral wellborc into 
contact with a window of a larger tubular lining a central 
wellborc. 
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Ad apparatus £ur applying a preload Cufuc to an cjcpaieauo 

cose far radially expanding a tubular member. 
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ABSTRACT 



Toe present invention relates to methods and apparatus for 
expanding tubulin* in ■ weBboie. In one aspect of the 
invention, an expansion tool with hyoYaulically actuated, 
radially expandable members is disposed on a string of cuO 
tubing. In another aspect of the invention the apparatus is 
utilized to expand a tubular lining a lateral wellbore into 
contact with a window of a larger tubular lining a central 
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1.0 Project Summary 

1.1 Abstract 
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A Hydro-Electric assisted lubricant injection system is a viable alternative to, and may have 
advantages over, both the multiplicator (high-pressure lubricator) concept as well as the 
unassisted lubrication concept. The Hydro-Electric approach works by triggering a high- 
pressure gaseous expansion within an enclosed volume of lubricant by means of an electric 
discharge. The expansion should create a pressure in the area of 15ksi, allowing more lubricant 
to flow between the tool and the tubular and thereby reducing the friction. Potentially this could 
reduce the working pressure behind the cone. Certain considerations, described herein, need to 
be taken into account in developing this design concept. 



2.0 Project Description 

2.1 Concept Design Description 

The Hydro-Electric assist concept relies on a bank of capacitors that are located directly above 
main portion of the tool and circumscribe the "mud" delivery tube. Low impedance coaxial 
cables should be used to provide power to the capacitors. Alternatively, the tubular may be used 
as a ground plate along with a second wire. This configuration, however, could have 
unacceptably high impedance that should be rigorously investigated. The actual discharge 
occurs between two electrodes in a volume of lubricant that acts as a dielectric. It is important, 
therefore, to carefully choose both the electric and thermodynamic properties of the lubricant, in 
addition to its coefficient of friction. When the dielectric between the electrodes breaks down, a 
high temperature arc is created which vaporizes some of the dielectric. Due to the 
incompressibility of fluids, the vaporization creates a pulse of pressure, which complements the 
existing fluid pressure. 




Figure 1 . Expandable Tubular Tool with Hydro- Electric Assisted Lubrication System 
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3.0 Hydro-Electric Principles and Equations 
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3.1 Thermodynamic Properties 

Because of the non-ideal nature of the vaporized dielectric medium, the Van der Waals equation 
(Eq. 1) was manipulated to express pressure as a function of the ratio of dielectric medium 
density, average molar mass, and the dielectric's boiling point (Eq. 2). Since the volume of the 
discharge chamber is not well defined, these constraints have to be used. Because addition of the 
heat of vaporization does not change the temperature, it is assumed in Equation 2 that the 
vaporization takes place at about the boiling point of the dielectric. However, increases beyond 
this temperature should have no negative effect on vaporization. Furthermore, there is no direct 
mathematic relationship between the discharge energy and the pressure created by the 
vaporization. Molar mass of the dielectric will need to be calculated experimentally or 
mathematically if all the components of the dielectric medium are known. The constants 'a* and 
V are experimentally determined. However, these quantities may be available in engineering 
tables based on the choice of lubricant. 



nRT 



Eqd) 



Whereas: P - Pressure [psi] 

T - Temperature [K] 
R- 1.206 [L-psi/K-mol] 
b - Experimental Constant Relating 
to Molecular Vohime 



V - Volume of Vaporized Lubricant 

n - Moles of Lubricant [mols] 

a - Experimental Proportionality Constant 



Whereas: P - Pressure {psi] T b - Lubricant's Boiling Point [°KJ 

M - Av. Lubricant Molar Mass p - Lubricant Density 
R - 1 .206 [L-psi/K-mol] a - Experimental Proportionality Constant 

b - Experimental Constant Relating 
to Molecular Volume 
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The effective discharge energy must be greater than the energy required to vaporize l m' grams of 
the lubricant (Eq. 3), Effective discharge energy is proportionately related to the calculated 
discharge energy by an experimentally determined "energy efficiency factor". The mass *irf of 
vaporized lubricant will depend on the geometry of the electrodes and of the discharge volume. 

T«T b -T,flC] Eq.(3a) 

EetTectivc = ^kcC V b 2 > mL v + rnLJ Eq. (3b) 



Whereas: Eefr. - Effective Lubricant Energy [JJ 

C - Capacitance 

m - Mass of Vaporized Lubricant 

U- Specific Heat [J/gm-K] 

T,- Dielectric Initial Temperature [K] 



k« - Energy Efficiency Factor 
V b - Breakdown Voltage. 
U - Heat of Vaporization f J/gm] 
T b - Lubricant's Boiling Point [K] 
T ~T b -T,[K] 



3-2 Electric Properties 

The discharge of electricity takes place when the potential across the electrodes equals the 
breakdown voltage. Breakdown voltage for two electrodes can be calculated from the 
lubricant's dielectric strength (Eq. 4). In general, oils have high dielectric strengths, on the order 
of about 10-50 kV/mm. In this case, a dielectric strength on the low end of that range would be 
desired. An expression for the relation between current and total resistance is found by 
manipulating Equation 3 (Eq. 5). The resistance consists of several components, internal 
resistance of a capacitor, resistance added by the designer, and line impedance (Eq. 6). Line 
impedance will play an important role since the system will not be in steady state. It will need to 
be determined empirically. 



V^dE* Eq.(4) 

Whereas: V b - Breakdown Voltage d - Distance Between Electrodes [mm] 

E* - Dielectric Strength [kV/mm] 

Equation 3 suggests that minimizing the specific heat and the heat of vaporization will result in 
lower required discharge energy. Synthetic oils, which generally have higher heats of 
vaporization, generally have film strengths exceeding 3000 psi, while mineral-based oils have 
film strengths of about 400 psi. However neither is sufficient for the expected pressures of 
10ksi-15ksi. It seems that a hard lubricant with a higher tolerance for pressure, such as graphite 
or molybdenum disulfide, is required. This poses problems, however. The heat of vaporization 
of a hard lubricant would be significantly higher than of a liquid lubricant. Also, dielectric 
breakdown in such a lubricant could be permanent and thus make the system ineffective. This 
can be remedied by insulating the electrodes and the surrounding liquid dielectric. This 
configuration is also advantageous because it allows more flexibility in the choice of the 
dielectric medium. 
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V i =IR> 



2m(L v+ L,T) 
k.C 



Eq.(5) 
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Whereas: V b - Breakdown Voltage 

m - Mass of Vaporized Dielectric 
L» - Heat of Vaporization [I/gm] 
T -T b -T r [K] 
C - Capacitance 



R = R 



+ R 



1 - Line Current 
R - System Resistance 
U - Specific Heat [J/gm-K] 
ke - Energy Efficiency Factor 



Bq.(6) 



Whereas: R - System Resistance 

Rttetign - Design Resistance 



Rint - Internal Resistance 
Zfim - Line Impedance 



An important aspect of the design is the frequency of the discharges. Assuming, for the purpose 
of analysis that the breakdown voltage across the electrodes is reached at around t=RC sec, 
frequency can be easily expressed (Eq. 7). 



RC 



Eq.(7) 



Whereas: R - System Resistance 

C - Capacitance 



X - Discharge Frequency [Hz] 



Considering that the frequency of the discharges will be at least 3 Hz, the lifetime rating of the 
capacitor bank should be as high. Because of the considerable depth of the tool assembly, it is 
desirable that the capacitor bank be located as close to the electrodes as possible. Considering 
the dimensions of the tubular, custom capacitors should not be required. In general, capacitors 
used for high-power pulsing applications use charging voltages in the tens of kV, can retain 
several kJ of energy, and are able to deliver current on the order of 100 kA. Furthermore, they 
should be able to tolerate significant voltage reversal. Also, some high power capacitors, such as 
those manufactured by Passoni Villa have built in switches, which could possibly be used to 
achieve more control of the discharge frequency. Several possible manufacturers of such 
capacitors are listed at the end of this report. A solid-state amplifier near the capacitor bank 
would be preferable to a high-voltage transformer due to size considerations. A manufacturer of 
such devices is also listed at the end of the report. 1 
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3 J Analysis of Deformation 2 

The work done on the expandable tube by the Shockwave created by the electric discharge must 
be constrained to be less than the amount of work required to deform the tube. This work can be 
calculated using the tube's material properties and its cylindrical geometry. The expression for 
specific work of deformation is given by Equation 8. The constant m m , true strain, is defined by 
Equation 9 and the mechanical constant B is defined by Equation 10. For a cylindrical 
geometry, e is given by Equation 11. 



a. =■ 



B 



1 + 7H 



Eq.(8) 
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Whereas: a, - Specific Work of Deformation E - Deformation Intensity 

B, mm - Mechanical characteristics of forming material 



m ro =e n =ln(l+ — ) 
Whereas: nv - True Strain 



Eq.(9) 



AU/lo- Elongation 



In Equation 10, Al n /lo is the elongation of the metal. In the case of En-80 steel, with Al n /lo=0.20, 
m m =0.182. 



5 = 



Whereas: 



31 



en - e„= m m 



Eq.{10) 

mm- True Strain 
o b - Yield Strength 



Whereas: E - Deformation Intensity r 0 - Original Radius 

r- Final Radius 

In Eq. 11, the radius referred to is the inner radius of the tube. 

The total work of deformation is a function of the specific work of deformation and the volume 
of the material deformed. The work done by the discharge on the tube must be no greater than 
the work required to expand the tube to its final radius. 

W D <a s V w Eq. (12) 

Whereas: a, - Specific Work of Deformation V w - Volume of Deformed Material 

W D - Work Due to Discharge 
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An expression relating the maximum amount of work can be constructed by assuming a 
discharge volume of axial length p, and an outer radius ro; the outer radius being equal to the 
inner radius of the unexpanded tube. The final outer radius will be designated by r. The volume 
of the deformation is given by Equation 13, e is defined in Equation 9, and mn,=0.182. 



V w =2/?(r 2 -r 0 2 ) Eq.(I3) 

Whereas: (3 - Axial Length of Discharge Volume r - Final Radius 

r 0 - Original Radius V w - Volume of Deformed Material 

Performing this calculation for a tube that expands from a 4.77" I.D. to a 5.68" LD. yields 
e= 191 . Assuming 0= G4m for a hypothetical example produces V w =.005809 m 3 . Noting that 
the yield strength range for En-80 steel tubes is 48.26xl0 7 N/m 2 (70 ksi) to 65.50xl0 7 N/m 2 (95 
ksi), B is found to range from 48.69 xlO 7 N/m 2 to 66.08 xlO 7 N/m 2 . Therefore, the specific 
work, a$, of deformation ranges from 5.82 xlO 7 N/m 2 to 7.90 xlO 7 N/m 2 . For this particular 
volume and radial expansion, the amount of work required to expand the tube is on the order of 
460 kJ to 340 kJ. Hence, the work done on the tube due to the discharge cannot exceed 340 kJ. 
However, the expected energy of the discharge is far lower. The pressure produced by the 
discharge must also be limited. The yield strength of En-80 steel is 70-95ksi. The pressure 
produced by the discharge can therefore not exceed 70ksL Again, no problems are foreseen 
since the expected maximum pressure due to the discharge will be around 15ksi. However, 
should the stated constraints be exceeded, the results would be unpredictable, and control over 
the process could be lost. 
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4.0 Conclusions and Recommendations 
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4.1 Conclusion 

An initial theoretical analysis was performed on a Hydro-Electric assisted lubrication system. A 
basic calculation was completed and proves feasibility on a theoretical level. The Hydro-Electric 
assist concept will effectively increase the lubricant pressure by implementing the device in a 
discharge chamber near the cone surface. The discharge expansion should create a pressure 
impulse allowing more lubricant to flow between the tool and the tubular, thereby reducing the 
friction. The preceding formulae give general constraints for the design and the included figure 
provides a general guide for system layout. This is a complex high-tech solution requiring 
experimental investigation to validate the concept and expose unforeseen issues. While there 
will certainly be challenges in developing this concept, the design is very promising. Further 
experimental investigation seems to be in order. 



4.2 Recommendation 

The next steps are to validate the Hydro-Electric concept. In order to validate the feasibility two 
projects should be completed. The first project will focus on obtaining lubricant and system 
values for the equation variables and performing an accurate theoretical analysis. The second 
project requires actual testing of a Hydro-Electric system in an expandable tubular environment. 
Testing can either be performed internally or at a suitable testing facility. 

In the case of internal testing, a test apparatus will need to be design and built. An example of a 
test apparatus design follows. The determination of the specific capacitances, resistances, 
impedances, and voltage required for implementation should be found experimentally. The 
process values for a given lubricant could be determined by utilizing a discharge volume with 
piezoelectric sensors. Piezoelectric sensors are small, can withstand extremely high pressures, 
and produce electric outputs that are easily digitized and quantified for analysis. There are also 
several possible ways to regulate the power delivered in the testing apparatus. Regulation of 
system resistance using potentiometers would be an effective way to regulate the discharge 
power. The capacitor bank could be designed to enable quick removal or addition of capacitors. 
A digital oscilloscope can be connected to the transmission line via a voltage divider to monitor 
system voltage. Finally, the current should be measured with a Rogowski coil, which uses the 
Hall effect to measure high currents. This is a brief example of the details that must be 
considered to validate the concept. 
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5.0 Appendix 

5.1 Supplemental Information - Suppliers of Capacitors and Related Products 



Passoni Villa www.passoni-villa.com (Capacitors) 

Aerovox www.aerovox.com (Capacitors) 

Richardson Electronics www.industrial.rell.com (Ignitrons) 

Darrah Electric www.darrahelectric.com (Power Semiconductors) 

Magnet-Physik www.magnet-physik.de (EMF Forming) 

Magneform www.magneform.com (EMF Forming) 



5.2 References 

1 P. Sarkar, et al., "Operation of a capacitor bank for plasma metal forming." Pramana . Vol.55, Nos 5&6:941-945 
<http://www.iisc.ernet.in/pramana/nd2000/P53.pdr> 

2 1.V. Belyy, et al, Electromagnetic Metal Forming Handbook . Trans. Altynova. 1996. 
<http://www.mse.eng.ohio«state.edu/%7ED^^ 
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